Introduction
IS research has a long-held tradition of providing periodic updates to the research trends in IS due to the discipline's dynamism (e.g., Palvia et al., 2015) . In this paper, we build on Sidorova et al. (2008) and examine temporal trends in prominent research streams over the last 17 years. We contribute towards establishing our discipline's identity by examining major research themes in four premier IS journals:
Management Information Systems Quarterly (MISQ), Information Systems Research (ISR), Journal of the Association for Information Systems (JAIS), and Journal of Management Information Systems (JMIS).
Many have considered these four journals to represent the top four IS journals. Further, many top business journal lists include them, and they rank among the top business journals with the highest impact factors. Consequently, most business school scholars would look at these journals to form an impression of the identity of the IS discipline (despite the fact that one could debate whether these four journals alone represent the discipline's total identity).
As technology has continued to morph and mature, research themes and industry problems have evolved with it, altering the nature of IS research and, consequently, the IS journals that publish that research. We review these trends by broadly examining the content development over the last 17 years and examining major themes that these publications have formed and the linkages among them. While historical trends reveal new opportunities and directions for these journals, we examine these themes to reveal whether themes act as separate communities of knowledge or if they are linked with one another both in terms of topics of inquiry and authorship.
Over three decades ago, Keen (1980) challenged researchers to determine major themes that encompass IS as a discipline. Since then, several researchers have reviewed IS literature to understand the state of the IS literature (e.g., Lucas, Swanson, & Zmud, 2007; Sidorova et al., 2008; Oh, Choi, & Kim, 2005) . As we present in more detail in Section 2, some of these researchers have adopted traditional methodologies (e.g., meta-analysis; see Palvia et al., 2015) while others have adopted objective methodologies (e.g., text mining; see Sidorova et al., 2008; Weigal, Rainer, Hazen, Cegielski, & Ford, 2013) . Furthermore, some of these researchers have focused their analysis on specific research areas (e.g., technology adoption) of IS research, while others have focused on specific research trends (e.g., authorship networks). For example, Weigal et al. (2013) systematically screened the medical informatics literature to examine major research themes in the medical informatics discipline. Palvia et al. (2015) , on the other hand, conducted a metaanalysis to determine research methodologies and research topics using data from seven IS journals. With this paper, we compliment this existing research in two ways. First, Okoli (2015) argues that, even though literature reviews represent the single most widely used methodology, few papers have professed the best practices for conducting them. Palvia et al. (2015) also contend that conducting a review with just 10 years of journal data could take thousands of labor hours. We address both these issues. Leveraging the advancements in business analytics and big data, we provide an exemplar of objectively analyzing trends in IS. Sidorova et al.'s (2008) work represents an important first step in this direction. We build on this existing work by examining prominent, yet specific, research streams and how they have evolved over the last 17 years. Second, Palvia et al. (2015) argue that, like every other discipline, the IS discipline changes rapidly and requires continuous updates to the research trends. We provide such an update.
In Section 2, we review key research studies that have examined the evolution of IS research. In Section 3, we describe our data sources and present the methodology. In Section 4, we present our results and, in Section 5, discuss them and present their implications. Finally, in Section 6, we conclude the paper.
Background
From their inception, MISQ, ISR, JAIS, and JMIS have made significant contributions to the academic community. Indeed, many seminal publications have had a profound impact on the IS discipline. Some of these publications have examined the abstract view of IS as a discipline, while others have set the foundation for answering several of the most important IS-related questions for academia. For example, Orlikowski and Baroudi (1991) explored the philosophical underpinnings of IS research and argued that one should not limit the nature of IS research to a single research philosophy or perspective. Mathieson (1991) and Taylor and Todd (1995) , on the other hand, made significant contributions to address the socalled "productivity paradox" (see Devaraj & Kohli, 2003) by investigating behavior models that may explain whether a person will employ an IS or not. Despite these achievements and transitions, few studies have examined the cumulative contributions of these journals to the business literature in general and the IS literature in particular. Examining cumulative contributions of these journals would: 1) explain how their content has developed; 2) reveal the pervading problems that the IS discipline has discussed and how IS researchers have approached them, and 3) provide guidance and prescriptions for future IS research.
We believe that there is value in examining how, in response to the changing IT and IS landscape, these journals have evolved in terms of their prominent themes. While researchers have conducted similar examinations for many reference disciplines-such as Strategic Management Journal (Phelan, Ferreira, & Salvador, 2002) , Management Science (Banker & Kauffman 2004) , Supply Chain Management (Carter & Ellram, 2003) , and Journal of Management (Podsakoff, MacKenzie, Podsakoff, & Bachrach, 2008 )-few researchers have conducted them for the IS discipline. As such, we analyze four journals (i.e., MISQ, ISR, JAIS, and JMIS) specifically and the overall IS discipline as those journals represent it. While, analyzing specific journals can assist potential authors (i.e., by revealing the type of content they desire), analyzing a discipline as a whole highlights potentially unexplored areas.
Exploring a journal's historical trends and themes tends to reveal new opportunities and directions for it that researchers have hitherto overlooked. Identifying trends at the premiere IS journals (i.e., MISQ, ISR, JAIS, and JMIS) would reveal the dominant themes in them and how they have evolved over time and would enable readers to determine how these journals have contributed to the IS discipline. Further, identifying these trends would reveal less researched or emergent areas that may warrant additional attention. Indeed, certain themes may have received ample attention in some of these premier journals but may not have garnered adequate attention in all of them, which could reveal potential areas that require more research.
Prior Review Studies in Information Systems
In general, the IS literature contains three streams of review studies. The first stream focuses on the overall IS discipline, the second stream focuses on just the core areas in IS research (e.g., knowledge management), and the third stream focuses on trends rather than research's content (trust, technology adoption, etc.). For example, this third stream of research has examined networks of authors, relationships among subdisciplines, and trends in reviewing and authorship tactics. We review these streams in more detail below.
The first stream investigates the core research areas in the overall IS discipline. The stream focuses on determining the foci of IS research (e.g., Banker & Kauffman 2004; Palvia et al., 2015; Sidorova et al., 2008) by distilling IS research papers into major themes/topics. Much of this research has focused on either assigning IS research into one of the core research themes (e.g., Palvia et al., 2015) or using objective data-mining approach to classify IS research into broad research themes (e.g., Sidorova et al., 2008) . Palvia et al. (2015) manually assigned research published in seven IS journals (MISQ, ISR, JAIS, JMIS, Decision Sciences Journal (DS) , European Journal of Information Systems (EJIS), and Information and Management (IM)) into 45 topics of IS research. Sidorova et al. (2008) used latent semantic analysis (LSA)-a data-mining methodology-to cluster research published in MISQ, ISR, and JMIS into five broad research areas. While Sidorova et al. (2008) used a more objective approach, their analysis did not reveal the specific IS themes but rather research areas. We build on these research studies and use an objective data-mining technique to identify specific research themes common to IS research.
The second research stream investigates the advancements that specific domains in IS research have made. For example, Weigel et al. (2013) examined advancements in healthcare IT, Alavi and Leidner (2001) in knowledge management, Kayworth and Leidner (2004) in the role of culture, Smith, Dinev, and Xu (2011) in information privacy, and King and He (2006) in the technology acceptance model. Domainspecific reviews help researchers understand domains' current state and determine the open questions that they could potentially answer. However, such examinations do not contribute towards the identity and relevance issues in IS research, which leave them open to criticism (see Benbasat & Zmud, 2003; Lyytinen & King, 2004 
Method
Our data comprises all the papers in ISR, MISQ, JAIS, and JMIS from 2000 to the first issue of 2017 (a little over with 17 volumes from each journal). We limited our analysis to 17 years because JAIS began publishing only in 2000. In total, the four journals published 2,336 (624 from ISR, 635 from MISQ, 408 from JAIS, and 669 from JMIS). We excluded papers such as issues and opinions and editorials. We downloaded most of the papers from Business Source Premiere, though we manually downloaded some (around 5%)-mostly earlier ones-from their respective journal websites. Each paper formed one data entry and contained values for attributes such as journal (ISR, MISQ, JAIS, or JMIS) , year, volume, issue, authors, keywords, and abstract. Thus, our dataset contained 2,336 entries. Table 1 contains an example of a typical data entry/paper that we used in the analysis. Expectation confirmation research in general, and in information systems (IS) in particular, has produced conflicting results. In this paper, we discuss six different models of expectation confirmation: assimilation, contrast, generalized negativity, assimilation-contrast, experiences only, and expectations only. Relying on key constructs from the technology acceptance model (TAM), we test each of these six models that suggests different roles for expectations and experiences of the key predictor-here, perceived usefulness-and their impacts on key outcomes-here, behavioral intention, use, and satisfaction. Data were collected in a field study from 1,113 participants at two points in time. Using polynomial modeling and response surface analysis, we provide the analytical representations for each of the six models and empirically test them to demonstrate that the assimilation-contrast is the best existing model in terms of its ability to explain the relationships between expectations and experiences of perceived usefulness and important dependent variables-namely, behavioral intention, use, and satisfaction-in individual-level research on IS implementations.
We focused on uncovering the latent categories, or research themes, via analyzing the unstructured textual data in the abstracts. To do so objectively, we used an approach based on a method called latent semantics analysis (LSA). LSA as a method for extracting contextual-usage meaning has become an increasingly viable technique for processing unstructured text (Landauer, McNamara, Dennis, & Kintsch, 2007; Landauer & Dumais 1997) . Classification is an area in which researchers have demonstrated LSA to produce objective results comparable to those by subjective humans (Landauer et al., 2014) . Thus, researchers have unsurprisingly recommended LSA for converting textual data into numerical form as a precursor to subsequent analysis (Evangelopoulos, Zhang, & Prybutok, 2012) . LSA represents an appropriate method for analyzing literature for several reasons. First, the volume of relevant literature has increased tremendously over the last few decades. An LSA-based method is more likely to offer a comprehensive analysis. As Palvia et al. (2015) accurately note, such an analysis, if done manually, could take hundreds of labor hours to conduct, which would make it difficult to update on a regular basis. Second, while traditional literature reviews by human experts are valuable, an LSA-based approach is more objective. Third, LSA uncovers latent structures in the textual corpus through patterns of co- LSA rests on the idea that documents (or, in our case, abstracts that represent them) relate to each other through patterns of co-occurrence of terms and that extracting these patterns can uncover hidden structures or themes in the documents (Albright, 2004) . Using LSA-based methods can contribute to our understanding of literature for several reasons. While humans excel at categorization and pattern matching, individual human perspectives can vary considerably (Larsen & Monarchi 2004) . LSA offers the potential for a more data-driven analysis. In addition, an LSA-based approach necessarily features much more automation, which allows one to analyze a large body of literature in a reasonable amount of time.
Figure 1 describes the general process we used to analyze our data. In step one, we collected data as we describe above. In step two, we used natural language processing (NLP) techniques to reduce noise and data dimensionality in the data. In step three, we transformed the textual data into a structured form via using a term-by-document matrix and performed dimension reduction using singular value decomposition (SVD). In step four, we used a clustering algorithm to separate the abstracts into clusters with the principal components obtained through SVD. Finally, in step five, we analyzed the clusters that emerged to derive meaningful labels for them. These labeled clusters represent the research themes we identified. In addition to labeling the research clusters, we also found interesting trends about how these themes have evolved over time. We describe these steps in more detail in the rest of this section. 
Figure 1. Main Steps in the Analysis
After we collected the data (step one), we used NLP techniques to reduce the noise in the data (step two). More specifically, we retained only certain parts of speech (POS) because tagging all parts of speech would create a much larger list of terms for analysis. Specifically, we retained the following POS: abbreviations, nouns, verbs, and verb adjectives. We performed stemming to map words into their root form. In addition, we excluded commonly used words or terms, called stop terms, since doing so constitutes common practice in text mining. We added additional stop terms after carefully examining the remaining terms. These custom stop terms included terms such as "paper" and "research" that contribute little meaning to the theme(s) represented in the research papers. Determining custom stop terms, a part of the text-mining process, is a manually intensive process that can significantly change the results (Albright, 2004; Chakraborty, Pagolu, & Garla, 2014) . We also created a custom synonym list for terms that a research area commonly uses. For example, we used terms such as adopt, adopter, technology adoption as synonyms for the term adoption. The corpus originally had 20,003 total terms; after NLP preprocessing, we retained 3,554 terms. We somewhat expected this drastic reduction of terms because most terms were noise. Examples include prepositional phrases, such as instead of and along with, and terms that add little meaning, such as study and its various inflected forms (e.g., studying, studied, and studies).
The terms we obtained from step two served as the input to form the term-by-document matrix, which contained 2,366 documents (abstracts) and 3,554 distinct terms. We transformed the frequency counts in the term-by-document matrix via applying weight functions. After repeated trials, we found the combination of log and entropy weight functions produced the most consistent results (Chakraborty et al., Volume 43 10.17705/1CAIS.04323 Paper 23 2014).Dimension reduction through singular value decomposition is the next step, and the choice of the number of dimensions to retain is still an active area of research (Albright, 2004) . We followed Evangelopoulos et al.'s (2012) recommendations and used a factor-analysis approach since we focused on understanding underlying research themes. We used the expectation-maximization clustering algorithm that Chakraborty et al. (2014) describe. Additionally, we used cluster analysis, as Evangelopoulos et al. (2012) define it, to determine how many clusters of papers occur in our dataset. We tested different numbers of factors (dimensions) and found that the 11-factor results produced the most understandable themes. Because cluster analysis does not specify how many clusters should exist, and the analysis objectively determines the number of clusters, this approach resembles unsupervised learning. In conducting repeated trials using the cluster-analysis approach, we found that about 11 clusters consistently emerged in these trials, which further confirmed our selecting them. We carefully examined the top loaded terms and abstracts of each of the resulting themes to determine an appropriate label for each theme. Finally, some abstracts did not meet the minimum criteria for any cluster. We set this minimum criteria as the mean of the weights of all the abstracts for that cluster plus 0.4 * standard deviation of the weights.
Results
In this section, we present the results of our analysis. Our dataset comprised 2,366 papers from MISQ, ISR, JAIS, and JMIS from 2000 to the first issue of 2017-a little over 17 years. These papers excluded papers such as issues and opinions and editorials. As we describe in Section 3, our analysis revealed 11 prominent clusters/factors that represent major themes in IS research. Table 2 shows these 11 research themes. Each research theme is defined by a set of terms that loaded into that theme. Table 2 also shows the top five loaded terms and the number of papers that loaded into each theme. For example, the adoption theme had 597 papers. Each paper could have loaded into zero, one, or more themes. For example, a paper relevant to the auctions literature might be equally relevant to both the e-commerce and trust literatures. Because one paper could load into one or more theme, the 2,366 papers had 3,863 total loadings. We manually determined the label/name of each research theme after closely examining the top loaded terms and top loaded papers in each theme. Appendix A presents tables A1-A11 that list the top 10 loaded papers in each theme. We compared and contrasted these themes with themes identified in the prior research (e.g., Palvia et al., 2015; Sidorova et al. 2008) . We discuss the similarities and differences between our findings and the findings from prior research in Section 5.
Research Trends
We used the papers classified into each research theme as data to further identify a series of research trends. Specifically, we examined two trends. First, we examined how the eleven research themes we identified have evolved over the last 17 years in each journal (i.e., MISQ, ISR, JAIS, and JMIS). Second, we examined how individual research themes were distributed across each journal.
Figures 2 to 6 present the results of this evolution: Figure 2 represents trends across all four journals, and Figures 3, 4 , 5, and 6 represents trends across MISQ, ISR, JAIS, and JMIS, respectively. All four journals have consistently shown a high level of activity in knowledge management over time. With several researchers calling for IS research to explain the productivity gains accrued from IT investments, a large number of research papers have focused on how IT can improve firm performance and create capabilities that would result in a competitive advantage. Several other research themes show interesting trends. For example, for the e-commerce research theme, ISR has seen sustained activity, MISQ has seen inconsistent activity, and JAIS and JMIS have seen decreased activity over time. Similarly, Figure 2 shows that, even though some of the research themes (e.g., privacy) are in a nascent stage, they have seen an equal interest from most of the major IS journals. The IT security research theme's evolution represents another interesting observation. With the increasing number of data breaches (e.g., Target, Home Depot), practitioners and government agencies have allocated much resources towards improving information security. IS researchers have taken note of this trend. We found that the number of papers on information security increased significantly after 2008, almost immediately around the time when corporations witnessed an increase in their data breaches. Finally, our findings illustrate the short lifespan of some research themes. Interest in virtual worlds research, once considered one of the hottest topics of research, seems to have waned in three out of the four top IS research outlets. Figures 3 to 6 show that the interest in this area of research has dropped in ISR, MISQ, and JAIS (although it has significantly increased in JMIS).
Figure 2. Evolution of the Eleven Prominent themes in IS Across all Four Examined Journals
Volume 43 adoption research has appeared consistently across all four journals. Interestingly, even though some researchers (e.g., Venkatesh, Morris, Davis, & Davis, 2003) have contended that research models in this area of research are approaching practical limits of explaining individual acceptance variance, the area continues to see interest from the IS researchers. One of the many possible reasons for this interest in technology adoption research could be the infusion of theories from reference literature (e.g., marketing) to answer questions such as the "productivity paradox" (Devaraj & Kohli, 2003; Venkatesh & Goyal, 2010) .
Another interesting finding is the delineation of online auctions from e-commerce. Many prior reviews of IS literature (e.g., Palvia et al. 2015) have subsumed auctions under e-commerce. Even though our analysis classified a low number of papers into auctions (i.e., 167), the analysis suggests that the body of research on auctions has advanced enough to represent its own dominant research theme alongside e-commerce. The numbers of auctions research papers skew heavily towards ISR. Specifically, of all the auctions research papers, ISR published 42 percent, MISQ published 23 percent, JAIS published six percent, and JMIS published 29 percent. This distribution suggests that some journals (e.g., ISR) are more amenable to auctions research than others (e.g., JAIS).
Figure 7. Paper Distribution of the Eleven Prominent IS Themes by Journal
Like technology adoption, the trust literature appears to be another recognized area of IS research. While we expected the trust research theme to have a larger number of papers, our analysis loaded only 198 research papers in this research theme (ISR: 18%; MISQ: 25%; JAIS: 18%, and JMIS 39%). Two reasons may explain this finding. First, researchers have conducted a large number of trust research studies in a variety of contexts or in conjunction with other research themes. As such, the papers may have involved more text about the context or the theme, which meant our analysis would not have classified such papers under trust. For example, a large number of studies we have in our dataset have examined trust in ecommerce. Manually examining the papers revealed that our analysis classified a number of them into ecommerce because they used a larger number of e-commerce and related terms in the abstract than trust because these studies contributed more to the e-commerce literature than the trust literature. Second unlike the technology adoption literature, the trust literature has seen a large drop-off in the major IS research outlets.
Discussion
In this study, we examine major research themes in four premiere IS journals-MISQ, ISR, JAIS, and JMIS-to better understand how these journals and, by association, the IS discipline has evolved over a 17-year period. Before we discuss our results, we note some key limitations of our work. First, we limited our research to four journals to generate a more parsimonious list of prominent themes in IS research. These four journals, however, only represent a small subset of work published in the IS literature. Future research should consider a much broader set of journals, such as the Senior Scholar's basket of eight journals. Doing so may further enhance the diversity of research themes and complement literatures from Volume 43 10.17705/1CAIS.04323 Paper 23 reference disciplines. For instance, we found that IT security and privacy are upcoming themes. Considering the security challenges organizations have faced recently, such as the Equifax data beach (Puzzanghera & Raab, 2017) , attention to such important topics in IS research would encourage attention from practitioners and researchers in reference disciplines. Future research should also look at how the evolution of these journals map with the different eras of IS research evolution (Hirschheim & Klein, 2012) .
Using an objective text-mining approach, we identified eleven dominant research themes (i.e., knowledge management, technology adoption, auctions, e-commerce, information privacy, recommender systems, information security and trust, virtual world, healthcare IT, and IT outsourcing). We also found several other themes not dominant in the IS literature. These results have several similarities and differences with the research themes that other reviews have presented. For example, five out of ten research themes we present (i.e., knowledge management, technology adoption, e-commerce, healthcare IT, and IT outsourcing) map directly with Palvia et al. (2015) , one of the most recent reviews. Of the remaining six, three (information privacy, recommender systems, information security) were closely related. Palvia et al. combine information privacy and information security into one single topic, but our analysis classified these two topics as distinct enough for them to emerge as their own theme. Palvia et al.'s decision support system and executive IS theme has several common strains with our research theme of recommender system. For example, Komiak and Benbasat's (2006) and Benbasat's (2007, 2009) This paper contributes towards the discussion of our discipline's identity by examining major research themes in four premier IS journals and extends the research on the historic tradition of the IS discipline (see Bryant, Black, Land, & Porra, 2013; Porra, Hirschheim, & Parks, 2014; Hirschheim & Klein, 2012) . These themes provide insights into the nature of IS research and how the IS discipline has responded to changing trends in the economy, industries, and technologies. In doing so, this paper responds to the calls for researchers to periodically reflect on research trends and our actual output in each of these trends and themes (Love & Hirschheim, 2016) . Second, building on Sidorova et al. (2008) , we contribute methodologically by objectively analyzing the trends in IS research and how they have evolved over the last 17 years.
The findings we outline have several implications for future research. In recent years, a debate about the relevance of the IS research has gained momentum. Our work can help the discipline take stock of the thematic composition of our premier publications, and subsequently, allows the discipline to reflect on its future direction. While it is interesting to study historical trends, it is even more important for the editors and senior scholars of the IS research community to develop ways to provide guidance to the authors and our doctoral students on fruitful areas of research that allow the discipline to lead rather than follow the trends seen in practice. As a discipline, we must continue to strive for greater relevance and impact by balancing between examining current trends and other leading trends. In doing so, we must glance in the rearview mirror but only so that we can chart the road ahead.
Our findings show that some themes appear to be enduring but that others have peaked and troughed. Future research may need to examine what makes a theme enduring or not. One possible explanation could be that the enduring topics relate to the core phenomena of IS (e.g., adoption, IT value, etc.), while those that have a limited half-life relate to specific contexts (e.g., healthcare, auctions). It could also be that the research themes that exhibit shorter lifespans follow current challenges, practices, or the next big idea that become commonplace in a relatively short period of time. We call on the scholarly community in IS to conduct research that will lead the agenda for the practice. This and other plausible explanations of core versus fads warrant examination.
Conclusion
Researchers in IS and its reference disciplines have provided periodic updates on the trends in their respective disciplines. This research provides such an update for IS using a data-driven temporal analysis. We analyzed the research published in the top four IS journals (i.e., MISQ, ISR, JAIS, and JMIS) over a 17-year period to examine the temporal trends in prominent research streams. We found a diverse set of themes that have evolved over time. We also found new emergent themes, themes that have seen persistent interest from IS researchers, and themes that have peaked. While our work represents a useful contribution, we call on future scholars to broaden this conversation by including a broader set of journals.
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